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Abstract 
A pulsed method is numerically provided in this paper to evaluate the nozzle damping characteristics. In linear 
consideration of solid rocket motor, the pulsed oscillation pressure will be attenuated in an exponentially way by the 
nozzle damping. Based on this method, the damping constants of three models with nozzle throat radii of Rt=25mm, 
Rt=30mm and Rt=35mm are numerically studied. The results show that the first axial acoustic combustion instability 
is easily excited when a pulse is exerted on the chamber. The pulse intensity and mean chamber pressure have no 
effect on the nozzle damping characteristics. The factor that can greatly influence the damping constant is the nozzle 
throat radius. The bigger nozzle throat radius, the greater the nozzle damping effect. The calculated results are 
consistent well with the theoretical values.  
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1. Introduction 
Solid rocket combustion instability is a continuing issue since the first use of solid rocket motor. Its 
main characteristic is periodic pressure oscillations in the chamber [1]. From a linear point of view, the 
stability of the motor can be evaluated by the total effect of driving mechanisms and damping 
mechanisms [2, 3]. If the gain factor exceeds the loss factor, the motor turns to be less stable. A small 
pressure disturbance can be enlarged continuously, and serious combustion instability occurs. The loss 
factors in solid rocket motors include nozzle damping, inert particle damping, wall damping, and so on. 
Among these the nozzle damping effect is the most effective way to suppress the combustion instability 
because it accounts nearly 50 percent of the total damping. Small changes in nozzle geometry can lead to 
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big changes in motor stability. Recently, Su [4] numerically studied the influent of convergence geometry 
on the nozzle damping effect via a wave-attenuation method. Hu [5] experimentally validated that the 
modification of nozzle geometry can greatly increase the stability of the solid rocket motor. Thus, the 
evaluation of the nozzle damping characteristics is of great significance in improving the stability and 
predicting the combustion instability. 
2. Pulsed method and data processing 
In this paper, a pulsed method is numerically applied in the evaluation of nozzle damping 
characteristics. A sudden pulse is exerted on the chamber during the unsteady calculation process. The 
chamber pressure decays exponentially because of nozzle damping effect. The real part of fluctuating 
pressure can be described as [6] 
0' Re{ }
i t tp p e Z D                                   (1) 
whereZ denotes radian frequency, D is attenuation constant after pulse, 0p is peak-to-peak pressure 
amplitude at the beginning of the oscillation. Then, the attenuation constant can be obtained from 
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3. Numerical model 
A simple cylinder solid rocket motor is selected in present work. The chamber length is about 0.87m, 
with a port radius of 0.1m. And the nozzle convergent half angle is 45e.Three nozzle throat radii (25mm, 
30mm, 35mm) are chosen in the numerical work. The computational model is shown in Fig.1.  
 
Fig.1. Computational model and boundary conditions 
The numerical work is based on the FLUENT6.3®. A Courant–Friedrich–Lewy (CFL) number of 1 is 
imposed. A time step of 5h10-5s was chosen to capture the time-varying pressure fluctuations. A virtual 
pressure monitor is placed at the head end of chamber to record the pressure changing history.  
4. Results and Analysis 
4.1 Pulsed pressure oscillation characteristics 
When a pulse is exerted on the chamber, combustion instability occurs. A typical pulsed instability is 
illustrated in Fig.2. All of the following analysis is based on the data from point 1. After a FFT (fast 
Fourier transform) of the pressure signal, the pressure spectrum is shown in Fig.3. It is obvious that there 
is a peak at the frequency of 549Hz. According to acoustic combustion instability theory, the first axial 
acoustic frequency of the chamber is 598Hz. Comparing with the calculated frequency of 549Hz, the 
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error between the numerical value and theoretical one is 8.2 percent. It indicates that the first axial 
acoustic mode is excited by the pulse.  
 
Fig.2. Pulsed pressure oscillations     Fig.3. Pressure oscillation spectrums 
4.2 Effect of pulse intensity on the damping constant 
Whether the pulse intensity can affect the nozzle damping effect is discussed in this section. Taking 
the model of nozzle throat radius of 35mm for example, the decay process of fluctuating pressure under 
different pulse intensity conditions is shown in Fig.4.  
 
Fig.4 Decay rates of fluctuating pressure under different pulse intensity   Fig.5. Comparison between theory and numerical value 
Damping results under original pulse intensity condition and pulse enhanced condition are -163.6s-1 
and -165.4s-1, respectively. It indicates that the pulse intensity has no effect on the damping constant. 
4.3 Effect of nozzle throat radius on the damping constant 
Three different nozzle throat radii are utilized in this simulation work. To keep the mean chamber 
pressure constant in all these cases, the mass flow rate should be adjusted according to the nozzle throat 
radius. The calculated nozzle damping constants are -95.5s-1ˈ -128.1s-1ˈand -163.6s-1, respectively. 
From an engineering perspective, the nozzle damping is usually estimated by 
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The comparison between theoretical and numerical results is shown in Fig.5. Though there are 
differences between the two methods, the same trend shows that the nozzle damping is directly related to 
the ratio of throat-to-port area. In other words, if the port area is kept constant, the nozzle damping is 
determined by throat radius.  
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4.4 Effect of mean chamber pressure on the damping constant 
Assuming the mass flow rate is kept constant in all models, the chamber pressure will decrease with 
the increasing of nozzle throat radius. In this section, the effect of mean chamber pressure on damping 
constant is studied via keeping a constant mass flow rate. The mean chamber pressure is 8Mpa when Rt is 
25mm, 5.5Mpa when Rt is 30mm, 4.1Mpa when Rt is 35mm, respectively. Correspondingly, the damping 
constants are -95.5 s-1(Rt =25mm), -128.0 s-1(Rt =30mm) and -164.9 s-1(Rt =35mm). Comparing with the 
results in Section 4.3, it shows that the damping constants are nearly the same. It is further confirmed that 
nozzle damping characteristic is mainly dominated by the nozzle throat radius.  
5. Conclusions 
A pulsed method is provided in this paper to evaluate the nozzle damping characteristics. The first 
acoustic mode can be easily excited by an exerted pulse. The results show that pulse intensity and mean 
chamber pressure have no effect on nozzle damping characteristics. The nozzle throat radius plays the 
vital role in the nozzle damping effect. Nozzle damping constants increase quickly with the increasing of 
nozzle throat radius. Both the numerical results and the theoretical ones are consistent well with each 
other.  
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